Asn249Tyr substitution at the coenzyme binding domain activates Sulfolobus solfataricus alcohol dehydrogenase and increases its thermal stability.
A mutant of the thermostable NAD+-dependent homotetrameric alcohol dehydrogenase from Sulfolobus solfataricus (SsADH), which has a single substitution, Asn249Tyr, located at the coenzyme binding domain, was obtained by error prone PCR. The mutant enzyme, which was purified from Escherichia coli to homogeneous form, exhibits a specific activity that is more than 6-fold greater than that of the wild type enzyme, as measured at 65 degrees C with benzyl alcohol as the substrate. The oxidation rate of aliphatic alcohols and the reduction rate of aromatic aldehydes were also higher. The dissociation constants for NAD+ and NADH determined at 25 degrees C and pH 8.8 were 3 orders of magnitude greater compared to those of the wild type enzyme. It is thought that the higher turnover of the mutant SsADH is due to the faster dissociation of the modified enzyme-coenzyme complex. Spectroscopic studies showed no relevant changes in either secondary or tertiary structure, while analysis with fluorescent probes revealed a significant increase in surface hydrophobicity for the mutant, with respect to that of the wild type molecule. The mutant SsADH displays improved thermal stability, as indicated by the increase in Tm from 90 to 93 degrees C, which was determined by the apparent transition curves. Kinetic thermal stability studies at pH 9.0 for mutant SsADH showed a marked increase in activation enthalpy compensated by an entropy gain, which resulted in a higher activation barrier against thermal unfolding of the enzyme. Ammonia analysis showed that the Asn249Tyr substitution produced the effect of markedly reducing the extent of deamidation during thermoinactivation, thus suggesting that Asn249 plays a significant role in the mechanism of irreversible thermal denaturation of the archaeal ADH. Furthermore, the decrease in the activating effect by moderate concentrations of denaturants and studies with proteases and chelating agents point to an increase in structural rigidity and a tightening of structural zinc as additional factors responsible for the improved thermal resistance of the mutant enzyme.